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E and I the indication of the voltmeter and ammeter re
spectively. If the numerical value of W is the same 
as the product of the numerical value of E and I then 
of course the power factor is unity or 100%. If a 
wattmeter should be connected with the straight wire 
shown in Fig. 1, the indication of the wattmeter would 
be the same as the product of the voltmeter and am
meter indications, and the power factor is unity. In 
other words, whenever unneutralized inductance ex
ists in an alternating-current circuit, then the power 
factor is always less than unity. 

Considering now the condition represented by Fig. 4, 
where the applied alternating pressure is 110 volts, the 
indicated current 2 amperes, and the indicated watts 
96.8, then the power factor is 

P. F. = 
1
;g�

2 
= ;�g = 0.44 or 44 %. 

The important consideration of the effect of the 
power factor from an efficient operative standpoint is 
the numerical value of the current that corresponds 
with any given useful power output. 

From the last given numerical values, the applied 
pressure was 110 volts, and the true power 96.8; there
fore from a direct-current standpoint the current nec
esary for the power output would be only 

96.8 
0 88 

110 
= . ampere. 

This comparison leads to another consideration of 
power factor from the analytical standpoint that may be 
represented by the aid of a diagram; sometimes al
luded to as a vector diagram, being made up of straight 
lines whose lengths denote the magnitudes of the quan
tities they represent, and whose directions 
indicate the relatJ,ve directions in which 
the represented forces act. 

For example, in Fig. 5 the line OA may 
represent a pressure of 110 volts while 
the line OB may represent a current of 
0.88 ampere. The line OB is said to be 
in phase with OA and if the line OB rep
resents an alternating current while the 
line OA represents an. alternating pres

sure, the current is said to be in phase 

with the pressure. Now suppose the line 
OC represents by its length an alternat
ing current of 2 amperes, while OA rep
resents an alternating pressure of 110 
volts. The position relation indicates 
that the current of 2 amperes is out of 
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phase with the pressure, and is said to lag behind the 
pressure. Thus when the ammeter represented in 
Fig. 4 indicates 2 amperes, and the wattmeter indi
cates only 96.8 watts, the current is said to lag the 
pressure. The position of the line or vector OC repre
senting 2 amperes, relative to the pressure vector OA 
has a very important bearing. Suppose a line as BD 
be drawn perpendicular to the .pressure vector OA at 
point B, the end of the current vector; there can be 
but one position of the line vector OC so that the dis
tance from 0 to the perpendicular is just 2 units in 
length; to represent 2 amperes. This fact estab
lishes the angular relq,tion of the current vector OC 
with the pressure vector OA. Also the length or 
vector OB is said to be the projection of the vector 
OC on the pressure vector OA. The angle between the 
current vector OC and the pressure vector OA is des
ignated by 'i' and from trigonometrical relation the 
vector or projection OB is equal to OC cos <p or I cos I/J. 
Therefore instead of expressing the true power as indi
cated by the wattmeter as 0.88 X E, it may be ex
pressed by 

W = E I cos <p, 
in which cos <p denotes the .. power factor." 

By using the line OA as a diameter and construct
ing a semicircle as shown, extending OC to F, and draw
ing FA, the line OF represents the ohmic pressure drop 
in the coil, while FA represents the counter electro
motive force of induction expressed by 2 1r f L I. 

OF is perpendicular to FA; or the angle OF A is a 
right angle, since it is inscribed or included in a semi
circle. This being the case, the principle of the Pytha
gorean Theorem may be appled to the diagram; which 
is that the square of the hypotenuse of any right an
gled triangle is equal to the sum of the squares of the 
other two sides. Hence the following must be true: 

E' = (RI)I + (2 1r f L 1)2 from which 
E2 

It = 
R2 + (2 1r f L)2 

which corresponds to the initial equation of this article. 
It is thus evident that wherever inductance is present, 

producing a power factor less than unity, a larger alter
nating current is present in the circuit or apparatus 
than is really necessary to produce a given power out
put. Every alternating-current motor has inductance 
due to the windings of field and armature coils, and 

greatly augmented due to the presence of iron, which 
causes their power factor to be less than unity. This 
means that to furnish a required useful output in watts, 
larger currents are required than if the same output 
were furnished by direct-current motors, meaning 
either a greater loss of power in the transmission wires, 
or a greater interest charge on the cost of the increased 
amount of copper to prevent the increased loss. Be
cause of the existence of inductance and its inherent 
power factor effects, alternating current motors for 
the same output weigh more than do direct-current 
motors. 

The power factor of an alternating-current motor 
is not a constant; it varies considerably with varia
tions in output. In the design of this type of motor 
the aim is to have the power factor as near unity as 
possible at as near the normal rated output as possible. 
If, however, such motors are used to furnish a small 
fraction of their rated output, during considerable in
tervals, the low power factors attendant upon partial 
output, results in unsatisfactory financial efficiency. 

To illustrate the effect of power factor on the cost of 
copper for a motor or a transmission line having a 
power factor of 44 per cent. and an actual alternating 
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Figure 4 

Figure 5 
current of say 200 amperes, at 200 volts, is shown as 
follows. The true power is represented by 

W E I cos 'i' = E I X P. F. 
= 200 X 200 X 0.44 
= 40000 X 0.44 = 17600.00 watts 

Were the power furnished by a direct current the 
current would be 

17600 
200 

= 88 amperes. 

The ohmic or heat los8 in the copper conductor is ex-
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pressed by RP. In the direct-current case, the loss is 
expressed by R X 882 and in the alternating-current case 
by R X 200'. The ratio of the A. C. loss to the D. C. 
loss may therefore be expressed by 

A. C. loss R X 2002 40000 
D. C. loss R X882 

= 
7744 ; 

40000 
or the A. C. loss = 

7744 
X D. C. loss. 

That is, the A. C. loss is over five times as great as 
the D. C. loss would be, in furnishing the same amount 
of useful power. In other words in order that the alter
nating-current system shall compete with the direct
current system, the cross section of copper must be 
five times as great, or five times as much copper will be 
required in the alternating-current system or motor as 
in the direct-current system. 

Of course if the power factor were 80 per cent. in
stead of 44 per cent. the results would be very differ
ent. With the power factor 80 per cent. the actual line 
or conductor current would be 

I 176000 17600 
I = 

200XO.8 = 16i) = 110 amperes, 

in order that the actual useful power output remain at 
17600 watts as when the power factor was 44 per cent. 

The ratio of the two losses when the 
power factor is 80 per cent may be ex
pressed by 

A. C. loss 
D. C.loss 

R X 1102 12100 
R X882 = 77 46 

= 1.6; 

or the A. C.loss = 1.6 times the D. C.loss. 
Suppose at the same output of 17600 

watts, the power factor is 90 per cent; then 
the line current must be, 

• 17600 17600 
I = 

200 X 0.9 180 
= 98 amperes. 

The fundamental principles explained in 
this article have very important applica
tion in the practical operation of mill mo
tors. The conditions of operation at par-
tial outputs, of various pressures, and the 
starting, stopping and reversal of motors 
will be the determining factors. 

German Mining Operations in 
Serbia 

AMONG the discoveries made by German 
engineers in Serbia during the war were 
10 deposits of metalliferous ore, 2 of mag

nesite and 1 of asbestos. At Pustenik, 
northwest of Elishan, experimental work was carried 
on for some months with a view to exploiting serpen
tine asbestos, but had to be abandoned owing to the 
smallness of the deposits. 

In July, 1918, experiments were commenced on a 
bismuth deposit at Gradiste, 15 kilom. south of Kniaze
vac. In the then occupied area work could only be 
carried out with the chromium deposits of Gorantza 
and Grechane. The copper mines and smelting works 
at Bor were left to Germany by Bulgaria to work for 
the duration of the war. The chrome-ore mines at 
Uskub, situated in the Vardar Valley, were worked by 
Bulgarians, while the Plakalnitza-Elisseina Copper 
Mines and Works were operated under the authority 
of the Prussian War Ministry. Most of the copper ore 
was treated in a special furnace at the works. 

The Probeda manganese mines at Posharevo were 
worked by the Bulgarian War Ministry, the Berlin 
Manganese Ore Co. supplying staff and materials for 
the purpose.-Z. des Ver. deutsch. Ingen. 

Vulcanisation of Rubber at Constant and 
Increasing Temperatures 

IT is found possible to calculate and apply a series 
of rising temperatures such that the vulcanisation
time curve for any rubber-sulphur mixture may be 
made a straight line, the slope of which is dependent 
on the temperatures employed and the amount of cat
alyst present (compare this .T., 1916, 643). To obtain 
the best physical properties by vulcanisation at con
stant temperature, sulphur must be present in the mix
ture in such amount that its active mass is not de
creased sufficiently to diminish the rate of reaction ap
preciably before the desired vulcanisation coefficient is 
attained. With rubber-sulphur mixtures containing 5% 
or less of total sulphur, the physical properties of the 
mixture after vulcanisation at a series of rising tem
peratures are inferior to those given by vulcanisation 
at constant temperature; this is true particularly for 
vulcanisation coefficients of 2.8 or more. For Hevea 
rubber the optimum vulcanisation coefficient probably 
lies between 1.7 and 2.8. The coefficients recommended 
by various authorj.ties are found to be excessive and 
unless the history'of the vulcanisation phenomenon is 
fully known it is unsafe to judge samples solely on the 
basis of their sulphur content.-Jour. Soc. Ohem. Ind. 
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